Objective: To determine the effect of a school-based weekly iron supplementation delivery system (WISDS) on the prevalence of anemia among anemic schoolchildren. Subjects and methods: Two hundred and forty-two Filipino schoolchildren aged 6-12 years with hemoglobin (Hb) concentration o12 g/dl and enrolled for school year [2003][2004]. UNICEF iron-folate tablets containing 60 mg elemental iron and 0.40 mg folic acid were given weekly through directly observed supplementation by the teachers for 27 weeks. Compliance to iron supplementation was monitored by the teachers and was recorded using a monitoring form and a supplementation calendar. Hb concentration, weight and height were determined at baseline and at post-intervention. Results: At post-intervention, the participants' mean Hb concentration increased by 0.4 g/dl (95% confidence interval ¼ 0.3, 0.5 g/dl; Po0.0001), anemia prevalence was reduced by 53.7, and 84.3% of the participants had 100% compliance to supplementation. Conclusions: The school-based WISDS reduced anemia prevalence among anemic schoolchildren and resulted in high compliance to and coverage of iron supplementation.
Introduction
Iron deficiency and its consequent anemia are highly prevalent, affecting an estimated 3.5 billion people in developing countries (UNICEF/UN/WHO/MI, 1999). Among the most affected groups are school-age children for whom there is a prevalence of 53% (ACC/SCN, 2000) . Iron deficiency anemia is associated with poor cognitive development and behavioral disturbances in children (Lozoff et al., 2000; Halterman et al., 2001) . In the Philippines, the prevalence of anemia among schoolchildren aged 6-12 years remains of moderate to high magnitude as shown in the national nutrition surveys conducted in 1993 (42%), 1998 (35.6%) and 2003 (37.4%) (FNRI, 1993 (FNRI, , 1998 (FNRI, , 2003 .
Iron supplementation is the most frequently used strategy to control iron deficiency. Significant improvement in hemoglobin (Hb) concentration was observed in short-term studies carried out among children given daily iron supplements (de Silva et al., 2003) . Moreover, there is now considerable scientific evidence that weekly iron supplementation under supervised conditions could be as effective as daily supplementation (Beaton and McCabe, 1999) . However, the effectiveness of programs that aim to supplement iron has been questioned because of the low efficiency of health services and poor compliance of the target recipients (Schultink, 1996) .
The success of an iron supplementation program depends largely on the effectiveness of a delivery system and the compliance of the target recipients. The program should be community-driven ideally, where the residents accept the need for the program and are willing to provide support for its sustainability (UNICEF/UNU/ WHO, 2001 ). The school is the most efficient channel for the delivery of health services to schoolchildren and is considered a high-priority area for public health action.
In response to the identified needs for action-oriented research in the fields of iron deficiency and anemia, we conducted this study to determine the effect of a schoolbased weekly iron tablet supplementation delivery system (WISDS) using directly observed supplementation (DOS) of the teachers and with the aid of a simple monitoring form and an educational supplementation calendar on the reduction of anemia prevalence among anemic schoolchildren. The acceptability and cost of the UNICEF iron tablets and the forms used for monitoring compliance to iron supplementation were also investigated.
Methods

Study area and participants
The study was carried out in the island province of Cebu, in Southern Philippines. Malaria is not endemic in this province. The municipality of Compostela was selected out of the 47 municipalities in the province for its low socioeconomic status based on income class set by the Philippine Department of Finance.
Of the 12 public elementary schools in the municipality, Estaca and Magay Elementary Schools were selected as project areas because of their large enrollment and accessibility to local transportation. A total of 1193 children aged 6-12 years from these two schools were screened for anemia and 555 (46.5%) were found to be anemic. A total of 254 schoolchildren with hemoglobin (Hb) concentration o12 g/ dl and who gave their assent coupled with parents' consent were enrolled in the study.
Ethical approval and informed consent
The study was approved by the Department of Social Welfare and Development through the Early Childhood Development Project. The regional and provincial offices of the Department of Education and the Municipal Health Office of Compostela, Cebu also gave approval to conduct the study. Information about the study and the procedures to be conducted were explained to the parents and schoolchildren. As soon as parents gave their informed consent, assent was gathered from children before enrollment in the study.
Orientation of the implementers and study participants
The teachers were informed of the purpose of the study and were oriented on the guidelines of the school-based WISDS specifically on dispensing the iron tablets, on filling-up the monitoring form, on using the supplementation calendar and on detecting and reporting side effects experienced by the participants. The participants were informed that Monday is 'Iron day' and were advised to report to the teachers the side effects experienced after iron tablet intake.
Iron supplement used
The study provided UNICEF iron tablets (Lomapharm, Germany) donated by the Department of Health, Cebu Provincial Office. Each tablet contained dried ferrous sulfate equivalent to 60 mg of elemental iron, the dose recommended for this age group (DOH, 2003) . Each tablet also contained 0.40 mg of folic acid.
Data collected
Measurement of the Hb concentration and of the height and weight of the participants were conducted at baseline and after 27 weeks of implementation of the school-based WISDS. Blood samples were collected through finger-prick by trained medical technologists. Hemoglobin concentration was estimated onsite using a HemoCue hemoglobinometer (HemoCue, Sweden) following the standard procedures. The hemoglobinometer was standardized after every 10 samples using the internal cuvette.
The participants' weight was measured by a nurse using a platform scale (Detecto, Missouri, USA) and height was measured by a nutritionist using a microtoise (Body Care Height Meter, 200 cm, Chasmors Ltd, London, England). Weight was measured and recorded to the nearest 0.1 kg and height to the nearest 0.1 cm.
Features of the school-based weekly iron supplementation delivery system The features of the school-based WISDS included the involvement of teachers in the distribution of iron supplements and monitoring of compliance; use of a supplementation calendar and monitoring forms to record compliance; and follow-up of participants who failed to take the supplement on Monday. The teachers distributed the iron tablets through DOS, where the iron tablet is taken by a schoolchild in front of a teacher.
Implementation of the school-based weekly ISDS Before supplementation, 167 (63.3%) participants with parental consent were dewormed using a single dose of 400 mg Albendazole chewable tablet (Kopran Limited, Mumbai, India). Deworming was carried out by nurses and nutritionists with the assistance of the teachers.
Every Friday, the UNICEF iron tablets needed for 1 week for each class were packed in plastic bags and labeled accordingly. The packs were given to the teachers every Monday for distribution to the study participants during or after the morning snack to minimize gastrointestinal intolerance.
A monitoring form with the complete list of the study participants was provided to the teachers. Using the monitoring form as a guide, the teacher would call out the name of the participants, request them to form a straight line, give their drinking glasses, give the iron tablet and observe the participant while taking the tablet. The teachers would check the participant's mouth to make sure the participant has totally ingested the tablet. If the study participant was absent on Monday, the teacher administered the tablet in any of the succeeding school days of the week. The teacher would put a check mark in the provided space on the monitoring form if the participant had taken the iron tablet and the date it was taken. The teacher would also record the side effects experienced after intake of the iron tablets as reported by the children. Every Friday, the teacher would check the content of the monitoring form and would put a cross mark if the participant was absent the whole week and had not taken the iron tablet and record also the reason(s) for the absence.
The supplementation calendar contains information on the positive effects of taking the iron supplements as prescribed, a reminder to take the iron supplements every Monday and dates which the teacher would encircle in red after she had dispensed the iron supplements for the week. This reminder material was translated in the local dialect and was posted in the classroom information board.
Statistical analysis
Data were encoded using FoxPro version 2.6 (Microsoft Corporation, Redmond, WA, USA) and analyzed using EpiInfo version 6.04d (Centers for Disease Control and Prevention, USA and World Health Organization, Geneva, Switzerland) and STATA (STATA Corporation, College State, TX, USA). Percent compliance of the participants was determined by dividing the number of iron tablets taken by the total number of iron tablets provided by the study. The children's weight-for-age, height-for-age and BMI-forage z-scores were determined using the 2000 Centers for Disease Control and Prevention growth reference data (Kuczmarski et al., 2000) . Children with weight-for-age or BMI-for-age z-scores below À2 s.d. were classified as underweight and those with height-for-age z-scores below À2 s.d. were classified as stunted. Anemia was defined as Hbo12 g/dl. Anemia was further classified as mild (HbX11 to o12 g/dl) or moderate (HbX7 to o11 g/dl) (Mathers et al., 2003) . Means were computed for quantitative variables while frequency distribution tables were generated for categorical variables. Baseline and endline data were compared using the paired Student's t-test for continuous variables and Pearson's w 2 test for categorical variables.
Results
A total of 254 schoolchildren had anthropometry and Hb concentration data at baseline. Twelve (4.7%) participants dropped out of the study leaving 242 participants at postintervention. The percent dropout was 1.6% at the 9th week, 3.1% at the 18th week and 3.9% at the 27th week. The reasons for dropping out were transfer of residence (11) and frequent absences owing to illness (1). Of the 242 study participants with available data at baseline and at post-intervention, 120 were males and 122 were females. The participants' mean age (7s.d.) in years was 9.3 (71.9) for males and 9.0 (71.7) for females (P ¼ 0.3).
The mean (7s.d.) number of UNICEF iron tablets taken by the participants was 26.8 (70.6). The average percent compliance to iron tablet intake was 99.1%, with 84.3% of the children having 100% compliance to iron tablet intake.
The most frequent reason cited for failure to take the iron tablets was illness. Out of the 16 reported absences because of illness, 8 occurrences were due to measles, 6 were due to chickenpox, 1 was due to conjunctivitis and 1 was due to mumps. There were 14 reported occurrences of absences among 5 participants who helped their parents during the harvest season in a nearby poultry farm. There were no specific reasons given by the 13 participants on 22 recorded absences although they denied experiencing side effects and continued iron tablet intake on resumption of school attendance. All throughout the 27 weeks of intervention, no side effects after intake of the UNICEF iron tablets were recorded by the teachers in the monitoring form.
At post-intervention, the mean Hb concentration of all the study participants significantly increased by 0.4 g/dl (95% confidence interval (CI) ¼ 0.3, 0.5; Po0.0001) ( Table 1 ). The mildly anemic schoolchildren had a 0.4 g/dl (95% CI ¼ 0.2, 0.5; Po0.0001) increase while the moderately anemic schoolchildren had a higher increase at 1.42 g/dl (95% CI ¼ 0.7, 2.1; Po0.0001). The prevalence of anemia significantly decreased by more than half.
At baseline, 38.4% of the participants were underweight, 39.7% were stunted and 10.7% were wasted (Table 2) . No significant reduction in the prevalence of underweight, stunting and wasting at post-intervention was noted. At post-intervention, a significant improvement was seen in the mean weight-for-age and weight-for-height z-scores of children who were mildly anemic at the start of the intervention but not in those who were moderately anemic. A slight reduction in the height-for-age z-scores was also noted at post-intervention.
Discussion
This study showed that school-based WISDS was effective in reducing the prevalence of anemia among anemic schoolchildren. An earlier study conducted among both anemic and non-anemic Filipino elementary schoolchildren showed that providing weekly iron tablet containing 108 mg of elemental iron by the teachers at school for 10 weeks helped to prevent a fall in Hb concentration and the rise in anemia prevalence among supplemented children (Roschnik et al., 2004) . It also reported a high compliance of 93.4%. Our study, on the other hand, was effectively able to implement iron supplementation for a longer duration of almost 7 months.
We did not have a control group in our study since all children chosen as participants were anemic. We were thus not able to differentiate the effects of iron supplementation Change between mean weight-for-age, height-for-age and weight-for-height z-scores at baseline and at endline. Values in parentheses represent 95% CI. d Paired t-test P-value. from deworming. However, the comparison of baseline to endline change in Hb status between dewormed children and those not dewormed showed no significant difference (data not shown). Repeating the analysis among only those children who were dewormed or among only those not dewormed showed similar results as the analysis done for the two groups combined. Furthermore, the improvement in Hb concentration after the implementation of the school-based WISDS is consistent with the improvement in the Hb concentration in other school-based weekly iron supplementation studies that had a control group, in particular among schoolchildren in Mali (Hall et al., 2002) and among adolescent schoolgirls in Malaysia (Tee et al., 1999) and in Mozambique (Horjus et al., 2005) .
Compliance to the school-based WISDS in this study was very high. This favorable compliance was likely due to the following: the form of iron tablet used; directly observed administration of iron tablets; monitoring by the teachers; and schedule of supplementation.
Ferrous sulfate is one of the cheapest available readily soluble ferrous iron compound and is frequently used in iron supplementation programs. The primary form of iron in UNICEF iron tablets is ferrous sulfate. As in other iron compounds, oral administration of ferrous sulfate can cause side effects such as gastrointestinal disturbances (Baker and Ramachandran, 1977) . Our study, however, showed high acceptability of the UNICEF iron tablets. Since the UNICEF iron tablets used were film-coated and small, even 6-year-old first graders were able to swallow the tablets without difficulty. The appearance, color or coating of the tablet may influence perception and acceptability in certain cultures (Stoltzfus and Dreyfuss, 1998) .
Compliance to the iron supplementation was likely to have been influenced by the teachers' directly observed administration of the iron tablets, which served as reinforcement or motivation for the participants. Monitoring and supervision of iron tablet intake have contributed to high compliance among preschool children given iron supplements and monitored by their mothers (Palupi et al., 1997) and among pregnant women monitored by voluntary health workers (Muslimatum et al., 2001) .
Additionally, the administration of weekly iron tablets may have led to high compliance because no side effects were experienced. Compliance has been reported to be influenced by the undesirable side effects brought about by iron tablet intake, which are related to the amount, frequency and duration of intake, and form of the tablets (Charoenlarp et al., 1988; Aguayo et al., 2005) . Side effect is dose related as seen in studies conducted among Malaysian adolescent girls (Tee et al., 1999) and Bangladeshi pregnant women (Hyder et al., 2002) . The 60 mg dose seems to have had no adverse effects among schoolchildren in this study.
The weight-for-age and the weight-for-height z-scores significantly improved after the weekly iron supplementation, which is consistent with other single and multiple micronutrient studies conducted among schoolchildren and toddlers (Auckett et al., 1986; Lawless et al., 1994) . However, the height-for-age z-score of our participants did not improve after 27 weeks of supplementation. This lack of effect on linear growth may be due to the presence of concurrent micronutrient deficiencies such as those of zinc and vitamin A (Penny et al., 2004; Ramakrishnan et al., 2004) . The presence of these other micronutrient deficiencies may have limited the growth response to iron. Another potential explanation for the non-improvement in linear growth with iron supplementation may be the presence of parasites (Albonico et al., 1998; Persson et al., 2000) . Although no stool analysis was conducted, a 2003 survey in these schools showed that 63% of schoolchildren had at least one type of soil-transmitted helminth.
The overall prevalence of thalassemias in the Philippines is unknown. However, a prevalence survey of Filipinos living in Taiwan showed a 5% prevalence for a-thalassemia 1 trait, 1.7% for a-thalassemia 2 trait (Koh et al., 1998) and 4% for bthalassemia trait (Koh et al., 1999) . The study participants were not screened for thalassemia, and it is thus possible that some children were carriers of the thalassemia genes. This may then underestimate the effect of the weekly schoolbased iron supplementation on hemoglobin levels and anemia rates. Nevertheless, with anemia prevalence rates of over 35% in the 6-to 12-year-old age group from the national surveys and with nearly 40% of our participants underweight and stunted, iron deficiency anemia is probably a much more important cause for anemia than thalassemias in this population.
UNICEF iron tablets could be used for supplementing schoolchildren with iron because it was found acceptable by the schoolchildren; it is easier to pack and dispense; and it is less costly than iron supplement in syrup form. The iron supplement in syrup form costs PhP60.00 (US$1.1) per 60 ml bottle while the cost of a UNICEF iron tablet is PhP0.10 or less than US$0.01. The cost of supplementing a schoolchild with 60 mg of iron weekly is PhP0.10 (oUS$0.01) per week if UNICEF iron tablet is used, and PhP10.00 or US$0.19 per week if iron supplement in syrup form (10 ml or 2-teaspoon dose) is used. This cost advantage in tablet allows the supplementation of several more children; the cost of one dose of syrup is equivalent in cost to 100 doses in tablet form. As follow-up to this study, we recommend an effectiveness trial that will take into account the health system constraints such as the integrity of the drug supply chain.
In conclusion, the school-based WISDS improved the Hb concentration of the anemic schoolchildren, reduced anemia prevalence and resulted in high compliance to and coverage of iron supplementation. The growth of the children who were underweight and wasted at baseline was also improved. The system ensured high compliance and coverage since it involved teachers. This system could be an intervention to improve iron status and prevent anemia in schoolchildren and could be implemented for at least 10 months while they are attending school.
